ABSTRACT. We measured NF-κB, IKK, c-Fos, and GRα mRNA expression and in vivo glucocorticoid sensitivity in patients with rheumatoid arthritis. A very low dose intravenous dexamethasone suppression test and real-time PCR quantitation of mRNA of these genes were performed on blood samples from 21 rheumatoid arthritis patients who were not on glucocorticoids during the previous four months and on blood samples from 20 healthy individuals. Mean rheumatoid arthritis duration was 8.8 years, and mean disease activity, as assessed by Disease Activity Score 28 (DAS28), was 4.45. Basal cortisol and the percentage of cortisol reduction after the very low dose intravenous dexamethasone suppression test, as well as NF-κB, IKK, c-Fos, and GRα mRNA expression, were similar among groups. We did not observe significant correlations between glucocorticoid in vivo sensitivity and DAS28. There was a positive correlation between 2301 ©FUNPEC-RP www.funpecrp.com.br Genetics and Molecular Research 9 (4): 2300-2310 (2010) Gene expression in rheumatoid arthritis DAS28 and NF-κB, IKK, and GRα, but not c-Fos. In the multivariate analysis, only NF-κB mRNA remained as an independent variable for predicting DAS28.
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INTRODUCTION
Rheumatoid arthritis (RA) is a chronic systemic autoimmune inflammatory disease characterized by symmetrical erosive synovitis. Its prevalence in the Brazilian population ranges from 0.46% (Senna et al., 2004) to 1% , while in the world it is about 1% . RA causes significant morbidity, increases prevalence of coronary artery disease and increases cardiovascular mortality due to the important role of inflammation in its genesis .
In the last years, it has been shown that the transcription factors nuclear factor kappa -B (NF-κB) and activator protein 1 (AP-1) are crucial for the induction of genes involved in inflammation, as well as in a wide range of diseases originating from chronic activation of the immune system, including asthma, atherosclerosis, inflammatory bowel disease, and autoimmune diseases such as multiple sclerosis and rheumatoid arthritis (De Bosscher et al., 2001) .
A previous study by our group (Cobra et al., 2009) suggested that the mechanisms involved in resistance to glucocorticoids (GC) observed in RA are not at the glucocorticoid receptor alpha (GRα) mRNA expression level but at the post-receptor level, since increased GRα expression was not sufficient to reduce the inflammatory activity of the disease estimated by the Disease Activity Score 28 (DAS28). RA patients showed increased GRα mRNA expression but decreased dexamethasone suppression capability at the pituitary level.
Elucidating the mechanisms of GC resistance in RA is important not only to better understand the pathophysiology of the disease, but also to identify potential future treatments that may act on the expression of pro-inflammatory factors and improve patients' response to GC and to other medications.
The aim of this study was to determine and compare the expression of NF-κB, IKK, GRα, and c-Fos mRNA in RA patients and healthy controls and to correlate their levels with sensitivity to GC as assessed by the dexamethasone suppression test and the use of markers of disease activity.
MATERIAL AND METHODS

Selection of patients and controls
We studied 21 individuals with RA from the Rheumatology Clinic of the Internal Medicine Department of Irmandade da Santa Casa de Misericórdia de São Paulo, who fulfilled RA classification criteria of the American College of Rheumatology (1987) (American College of Rheumatology Subcommittee on Rheumatoid Arthritis Guidelines, 2002) .
The control group consisted of 20 apparently healthy individuals selected through clinical evaluation by history and physical examination. They were selected among the relatives of outpatients not included in this study, in order to match RA and control groups regarding gender and age. We excluded controls and RA patients who were under the age of 18, had acute or chronic illnesses, such as endocrine disease, asthma and inflammatory bowel disease, and previously used glucocorticoids or drugs that accelerate dexamethasone metabolism (such as phenytoin and barbiturates) in the previous 4 months, as well as those who had basal cortisol <10 μg/dL in order to assure that the hypothalamic-pituitary-adrenal (HPA) axis was not suppressed.
The study protocol was approved by the Institutional Ethics Committee, and all individuals signed a written consent form prior to their inclusion in the study protocol.
Clinical characteristics of RA patients
The mean (SD) duration of RA was 8.8 (5.4) years. There was a median of 9 months (range: 4-48 months) since the last use of GC. Nineteen (86.4%) patients were positive for rheumatoid factor and displayed erosions on the X-rays of hands and feet. Three patients (14.3%) used three or more disease-modifying anti-rheumatic drugs (DMARDs), 10 (47.6%) used 2 DMARDs and 8 (38.1%) used only one DMARD.
To assess disease activity, we used the DAS28 (van Gestel et al., 1998; Smolen et al., 2003) . The mean DAS28 (SD) was 4.45 (1.35) (range: 2.33-7.37), which characterized the group of RA patients as having moderate disease activity. Mean (SD) erythrocyte sedimentation rate (ESR) was 29.5 (20.8) mm (range: 6-89 mm).
Thirteen patients (61.9%) did not show morning stiffness. In patients showing this characteristic, the mean (SD) duration was 25 (27.5) min. The median number of tender and swollen joints was 6 (ranges of 0-49 and 0-30, respectively). The mean (SD) visual pain scale (Carlsson, 1983 ) was 3.05 (2.92). Patient and medical global scales had means (SD) of 3.87 (2.37) and 4.16 (2.42), respectively.
The functional status reflecting disability was measured by the HAQ (Health Assessment Questionnaire) (Fries et al., 1982; Ramey et al., 1992) and showed a median score of 0.67 (range: 0-2.13).
Very low dose intravenous dexamethasone suppression test (VLD IV-DST)
All patients and controls were submitted to the very low dose (20 mg/m 2 ) intravenous dexamethasone suppression test. We recently described how this new test can be used to evaluate individual glucocorticoid sensitivity in different age groups (Faria et al., 2008) . Briefly, after a fasting period of 10-12 h and 30 min of resting, a blood sample was taken for cortisol measurement (and also for separation of peripheral mononuclear cells). Afterward, individuals of both groups received disodium phosphate dexamethasone intravenously (Decadron ® 2 mg/mL -Prodome Chemical and Pharmaceutical, Brazil) at a dose of 20 µg/m 2 BSA as a bolus. A subsequent blood sample was taken 120 min later for cortisol measurement by RIA (BRIDGE, Adaltis, Casalecchio di Remo, Italy). The in vivo assessment of pituitary glucocorticoid sensitivity was thus expressed as the percentage of cortisol reduction (F%) after VLD IV-DST.
NF-κB, IKK, c-Fos, and GRα mRNA determination by quantitative RT-PCR
Mononuclear cells were obtained from a 20-mL venous blood sample collected in tubes containing sodium heparin (Vacutainer, Becton-Dickinson) after the addition of 20 mL Histopaque ® -1077 (Sigma, USA) and centrifugation for 30 min at 800 g, according to manufacturer recommendations. Total RNA was isolated from cells using guanidinium thiocyanatechloroform extraction (Trizol, Gibco, USA). Complementary DNA (cDNA) was synthesized from 1 µg total RNA using a reverse transcription reaction (TaqMan Reverse Transcription Reagents, Applied Biosystems).
NF-kB, IKK, c-Fos, and GRα mRNA were determined according to the protocol previously described by our group (Silva et al., 2010) . Briefly, real-time polymerase chain reaction (PCR) was performed for these genes and BCR (breakpoint cluster region) as a normalizing gene. Primers and probes (when used) were as follows: NF-κB sense primer: AAACACTGTGAGGATGGGATCTG; NF-κB anti-sense: CGAAGCCGACCACCATGT; IKK sense primer: AAGAACTTCTTTCAGAGACAGGAATTTC; IKK anti-sense: GCTATC ACAGCCTCTAACTCCATCT; c-Fos sense primer: AGGAGAATCCGAAGGGAAAGG; c-Fos anti-sense: TCCGCTTGGAGTGTATCAGTCA; GRα sense primer: GAAGGAAACT CCAGCCAGAA; GRα anti-sense primer: CAGCTAACATCTCGGGGAAT; GRα probe: 6-FAM-GCTTCCAAACATTTTTGGATAAGACCAT-TAMRA; BCR sense primer: CCTTCG ACGTCAATAACAAGGAT; BCR anti-sense primer: CCTGCGATGGCGTTCAC; BCR probe: 6-FAM-TCCATCTCGCTCATCATCACCGACA-TAMRA.
In each PCR run, we used a standard curve of serial dilutions of cDNA obtained from a standardized Jurkat (E6-1 clone, ATCC) cell culture (Melo et al., 2004) . PCR conditions were the same for both GRα and BCR genes, as previously described by our group (Melo et al., 2004) , using TaqMan PCR Core kit (Applied Biosystems, USA). Briefly, 1X TaqMan buffer A, 500 mM each dNTP, 4.5 mM MgCl 2 , 200 nM of each primer, 100 nM probe, 0.025 U/mL AmpliTaq Gold, 2 mL cDNA and water were incubated in a total volume of 25 mL.
We used SYBR Green detection for NF-κB, IKK and c-Fos amplification, which is an intercalating, non-specific dye. Quantitative RT-PCR preparation of c-Fos reactions consisted of using 1X (12.5 µL) Platinum SYBR mix, 0.4 µL of each primer (final concentration of 160 nM), 9.7 µL water and 2 mL cDNA in each reaction. For NF-κB and IKK, primer concentrations were adjusted to 0.3 µL of each primer (final concentration of 120 nM), with corresponding increase in water (9.9 mL) in each reaction.
Cycle conditions on an ABI 7500 (Applied Biosystems) were equal for all genes: 95°C for 10 min (AmpliTaq Gold or Taq Platinun activation) followed by 45 cycles of 95°C for 15 s (denaturation) and 60°C for 90 s (annealing and extension). When SYBR Green detection was used, a final dissociation stage was included and melting curves were analyzed to ensure specific amplification.
Statistical analysis
Calculations of expression units for GRα, NF-κB, IKK, and c-Fos, with BCR normalization, were performed in MS-Excel 2000 for Windows (Microsoft).
Statistical analysis was carried out using SigmaStat for Windows v.3.05 (SPSS, Chicago, IL, USA) with the level of significance set at P < 0.05. For comparison of quantitative variables, we used the Student t-test or Mann-Whitney rank sum test, when appropriate. Linear regression analysis was used to compare DAS28 with mRNA levels of all genes, as well as F%. Linear regression analysis was also performed to compare mRNA level of gene with that of the other. We compared proportions of qualitative variables using the chi-square test.
RESULTS
The groups of patients and controls were matched not only for age (median of 54 years for patients vs 61.5 years for controls) and gender (all females) but also had similar characteristics regarding weight, height, body surface area, body mass index, and waist and hip circumferences ( Table 1 . General characteristics of groups with rheumatoid arthritis (RA) and controls.
* t-test -data as means (SD). **Mann-Whitney rank sum test -data as medians (P25-P75).
Comparison of sensitivity to glucocorticoids in the two groups
Analysis of basal cortisol in RA patients and controls showed similar medians (interquartile range), 15.9 (12.75-19.52) mg/dL and 13.5 (10.8-17.0) mg/dL, respectively (P = 0.132).
After performing the suppression test with VLD IV-DST, we observed that the extent of cortisol suppression at 120 min was similar in the two groups with a median (interquartile range) of 40.3% (29.8-52.3) for patients and 38.4% (28.6-48.5) for controls (P = 0.697). The proportion of patients (6/21, 28.6%) who had more than 50% cortisol suppression was also similar to that of controls (5/22, 22.7%, P = 0.928).
Comparison of gene expression between the groups
Median mRNA values of NF-κB, IKK, c-Fos, and GRα were similar in the two groups (Table 2 ). We performed linear regression analysis of all gene pairs both in patients and controls (Table 3 ). There was a positive correlation between NF-κB and IKK mRNA levels in both patients and controls, but the expression of c-Fos did not correlate with that of other genes in either group. Table 2 . Comparison of mRNA expression of NF-κB, IKK, c-Fos, and GRα between rheumatoid arthritis patients and controls.
Data are reported as median (P25-P75). P = significance level (Mann-Whitney test).
The quantity of GRα mRNA correlated with NF-κB and IKK mRNA levels only in the group of patients (r = 0.869 and r = 0.740, respectively) but not in controls (r = 0.062 and r = 0.327, respectively) ( Figure 1 ). Table 3 . Correlation coefficients of gene expression in rheumatoid arthritis (RA) patients and controls (C). 
Relationship between glucocorticoid sensitivity or gene expression and disease activity (DAS28)
We did not observe a significant correlation between in vivo GC sensitivity, as assessed by suppression of cortisol after VLD IV-DST, and disease activity assessed by DAS28 (P = 0.166, r = 0.314). There was a weak positive correlation between DAS28 and NF-κB (r = 0.568, P = 0.007), IKK (r = 0.553, P = 0.009) and GRα (r = 0.466, P = 0.033), but not with c-Fos (r = 0.256, P = 0.262). In a multivariate analysis, only NF-κB mRNA quantity remained as an independent variable in predicting disease activity.
The suppression of cortisol after VLD IV-DST, reflecting the pituitary GC sensitivity, did not correlate significantly with peripheral mononuclear cell expression of GRα (r = 0.13, P = 0.574) or with the expression of c-Fos (r = 0.004, P = 0.985), NF-κB (r = 0.197, P = 0.393) and IKK (r = 0.143, P = 0.536). A multivariate analysis indicated ESR as the only independent variable for F% determination (r = 0.524, P = 0.015).
NF-κB and IKK mRNA levels correlated significantly with ESR (r = 0.628, P = 0.002) and (r = 0.639, P = 0.002), respectively. However, there was no correlation between the quantity of c-Fos or GRα mRNA and ESR. In a multivariate regression analysis, only NF-κB mRNA quantity remained as an independent variable.
There was no correlation between the expression levels of the genes studied and the HAQ score.
DISCUSSION
We studied longstanding RA patients with no glucocorticoid therapy for 120 days or more, regarding their in vivo glucocorticoid sensitivity using VLD IV-DST and the mRNA levels of GRα isoform and other inflammatory genes (NF-κB, IKK and c-Fos). Although there was no restriction in relation to gender, duration and intensity of disease in the inclusion criteria, patients were all females with longstanding RA and with a disease activity estimated as moderate by the DAS28 score system. These characteristics are similar to those found in the Brazilian literature for most patients with this disease (Louzada-Junior et al., 2007) .
The majority of selected patients (86.4%) had characteristics of poor prognosis RA, such as positive rheumatoid factor and the presence of articular erosions in X-rays of hands (Bértolo et al., 2007) .
Basal cortisol concentrations were greater than 10 mg/dL suggesting that the HPA axis was not suppressed in either group at the time of sample collection, so it can be assumed that the expression of GRα and the results of cortisol suppression tests were not influenced by a negative feedback mechanism or down-regulation of glucocorticoid receptors.
Analysis of basal cortisol in RA patients and controls showed similar results, in agreement with several studies that addressed the HPA axis in rheumatoid arthritis and showed cortisol concentrations similar to or higher than in the control group (Crofford et al., 1997; Boss and Neeck, 2000) .
Glucocorticoid sensitivity in vivo was similar in patients and controls, as assessed by suppression of cortisol after VLD IV-DST, contrary to previous studies (Onda et al., 2004; Cobra et al., 2009 ). There was no correlation of cortisol suppression with disease activity assessed by DAS28, which should be evaluated in conjunction with clinical findings to allow comparisons. Comparing the clinical profile of patients in our previous and current studies, we note that despite being similar with respect to DAS28 values (4.49 and 4.45, respectively), a higher proportion of patients in the first study (Cobra et al., 2009 ) used 3 or more DMARDs (53.1 vs 14.3%), had higher HAQ score (1.7 vs 0.67), and showed a significant worsening of RA symptoms 60 days after GC discontinuation. We also observed that almost all of those patients resumed the use of GC as part of their regimen in a few months. Since the patients of the current study were off GC for at least 120 days, there was no need for discontinuation of medication. All these features demonstrate greater clinical resistance to GC and disease severity in the patients included in our first study.
Like other studies (Onda et al., 2004; Cobra et al., 2009) , we found no difference in the GRα expression in peripheral blood lymphocytes between RA and control groups. There was also no correlation between GRα expression and cortisol suppression after VLD IV-DST in patients or controls. Although there was a weak negative correlation between these variables in patients with RA in the previous study conducted by our group (Cobra et al., 2009) , there was also no correlation between these variables in the controls. The difference in these results can be explained again by the difficulty of GC removal in the first study or differences in disease severity.
Unlike previous reports, in the present study, the levels of NF-κB, IKK, c-Fos, and GRα mRNA were similar in the two groups. Expression of NF-κB is reported to be increased in RA and could be one of the factors involved in disease pathogenesis. Other transcription factors related to the inflammatory process, such as protein AP-1 and NF-κB are more expressed in various tissues and mainly in cells involved in immune and inflammatory responses (Baeuerle and Baltimore, 1996; Fujisawa et al., 1996; Mckay and Cidlowski, 1999; Eggert et al., 2001 Eggert et al., , 2002 . Onda et al. (2004) showed greater c-Fos expression in peripheral blood mononuclear cells in RA patients than in control groups.
The importance of NF-κB is reinforced in our study, since in a multivariate analysis it was the only gene that correlated with disease activity as expressed by DAS28. Although IKK and GRα mRNA amount were also correlated with DAS28, both were removed from the model in the multivariate analysis, reflecting the importance of NF-κB in disease activity and possibly in the mechanism of inflammation, at least in RA patients with these clinical characteristics.
The degree of inflammation in our patients was possibly not sufficient for the detection of changes in mRNA expression from peripheral blood mononuclear cells, but other possibilities include the interference of previous chronic use of GC and DMARDs. In some previous studies, there was the exclusion of patients using methotrexate in order to minimize this possible interference (Onda et al., 2004) .
It seems that NF-κB and IKK have a greater influence on GRα expression in the group of RA patients than in controls (Figure 1 ). This apparently paradoxical relationship, with higher amounts of NF-κB in patients with higher GRα, could be explained by the chronicity of inflammation in our patients with RA. The expected phenomenon of down-regulation is well described in the literature only in acute situations. However, it is unclear how the chronic regulation of this process occurs, especially if there are counter-regulatory mechanisms that favor heterodimerization of GRα/NF-κB molecules and consequently a greater amount of GRα in the presence of increased NF-κB levels.
It is surprising that only c-Fos did not correlate with other genes, since its pattern is supposed to be similar to that of NF-κB and IKK (Trabandt et al., 1992; Asahara et al., 1997; Shiozawa et al., 1997; Firestein, 2004; Onda et al., 2004) . It is possible that some DMARDs showed a greater influence on the regulation of c-Fos than of other genes. Our patients had a relatively low and chronic inflammatory component that might not have been sufficient to trigger the activation of c-Fos/AP-1, since they were able to withstand GC-free therapeutic regimens, even with elevated DAS28. Alternatively, there may be a rapid degradation of cFos mRNA in these cases. To elucidate these issues, additional studies are needed with newly diagnosed and untreated patients, allowing the assessment of these genes' mRNA and protein at the time of diagnosis and during follow-up after starting treatment with GC.
Expression of NF-κB and IKK correlated moderately with ESR, which reinforces the proinflammatory character of these genes (Baldwin Jr., 1996; Baeuerle and Baltimore, 1996; Ghosh et al., 1998) . There was no correlation between the expression of c-Fos or GRα and ESR. A previous study showed a negative relationship between the expression of GRα and ESR, but disease severity and duration were not fully described to allow further comparisons (Onda et al., 2004) .
There was no correlation between the expression of genes studied and HAQ, which is regarded as a score particularly suited for determining changes with treatment and for identifying functional disability in patients with RA (Callahan et al., 1997; Wolfe, 2001) .
The experience of our group in the current and previous studies (Cobra et al., 2009 ) clearly showed the impact of disease activity and stringency ensuring the complete discontinuation of GC. It should be noted that patients with RA, with chronic joint pain, know the benefits of using GC from personal experience and can often use GC without informing the physician. Thus, laboratory monitoring and low cortisol levels as exclusion criteria should be rigid. The clinical characterization of our group of RA patients is also a strong aspect of this study. Most molecular studies often present very limited data regarding disease severity and other clinical features, which are very important in interpreting the findings.
Another strong aspect of this study is the adequate matching of the control group. Our group already described the influence of age (Faria et al., 2008) and obesity on glucocorticoid sensitivity and GRα quantitation.
One limitation of this study was the exclusion of patients with very severe RA, which could yield quite different results. However, to include these patients we would need to change the assessment of in vivo GC sensitivity and the inclusion criteria regarding the use of GC, since its removal is difficult in patients with a more active disease and involves important ethical issues.
Some groups have addressed this problem by including only treatment naive patients, a practice that is difficult in our country due to the peculiarities of our health care system, in which RA patients take too long to get an appointment with a rheumatologist and frequently have already received high doses of GC before seeing a specialist. This approach also has the advantage of eliminating the influence of DMARDs on the evaluation of these patients.
We must also consider that gene expression may be different from protein functional activity, so the results of mRNA quantitation must be interpreted with some caution ). Many groups prefer to quantify mRNA due to the currently superior technical aspects, since there is some lack of specificity of antibodies directed to those proteins. Another interfering factor is the use of many drugs, such as methotrexate, which has the potential to alter the expression of the genes studied.
Despite these limitations, we demonstrated for the first time in patients with longstanding moderate RA that there is no change in vivo or in vitro of GC sensitivity and that there is a direct correlation between increased expression of NF-κB (and to a minor extent also of GRα and IKK) and disease activity, according to DAS28, but without the same pattern of correlation for c-Fos.
